Background: Few studies have attempted to evaluate the use of antiemetic therapy for chemotherapyinduced nausea and vomiting (CINV) at a national level in China or to assess how treatment regimens adhere to current guidelines.
Introduction
The survival and quality of life of many patients with cancer are negatively affected by treatment-induced side effects, two of which are nausea and vomiting (1) (2) (3) . Chemotherapy is thought to induce nausea and vomiting by triggering the release of neurotransmitters from cells lining the gastrointestinal (GI) tract. These neurotransmitters initiate a feedback loop between the GI tract and several regions of the brain, the result of which is an emetic response (4, 5) . Chemotherapy-induced nausea and vomiting (CINV) is treated with antiemetic drugs that target the serotonin (5-hydroxytryptamine-3; 5-HT3), substance P (SP), dopamine (DA), histamine (HA), and prostaglandin signaling pathways (5) (6) (7) .
Both national and international guidelines have been
Original Article
Patterns of antiemetic prophylaxis for chemotherapy-induced nausea and vomiting in China developed to promote the optimal use of antiemetics to prevent CINV (8) (9) (10) (11) . These guidelines are specific to chemotherapies that are considered to have a high (>90%), moderate (30-90%), low (10-30%), or minimal (<10%) risk of triggering CINV. Recommendations are also tailored to acute and delayed CINV, defined as nausea and vomiting that occur within 24 hours or 24 hours to several days after chemotherapy, respectively (12) . Antiemetic drugs should be administered before chemotherapy and used during the entire risk period for CINV as suggested. Despite the proven success of these guidelines in reducing the rates of CINV, studies conducted in several countries have documented a low rate of adherence (13) (14) (15) (16) (17) (18) (19) (20) . Given that China is the most populous country in the world and that it has a significant cancer burden, it is imperative that Chinese health authorities have a comprehensive understanding of the country's current practices of antiemetic therapy. In this study, we assessed the antiemetic regimens of Chinese patients with cancer who received moderately emetogenic chemotherapy (MEC) or highly emetogenic chemotherapy (HEC). Our objective was to provide evidence that can be used to improve the management of cancer patients who receive antiemetic therapy, standardize the treatment of CINV, and enhance the quality of life for patients during chemotherapy.
Methods

Data source
This was a retrospective observational cohort study using the China Health Insurance Research Association (CHIRA) Database, a hospital service database that contains detailed data on inpatients with China Urban Basic Medical Insurance. The database includes data sampling from local medical insurance systems in over 60 cities of the mainland (except Tibet) with information on patient demographics (age, gender, and race), hospital characteristics, principal diagnosis, payer, cost of medical service (medication, test, surgery, and nursing), medication utilization (name, strength, and quantity dispensed based on prescription), charge detail, duration of hospitalization. Data sampling in each year was performed as follows: 2% from municipalities and provincial cities; 5% were elicited from prefecturelevel cities; and 10% from regions at the county level. The data were de-identified in accordance with Laws for the Management of Individual Rights and Interests of Social Insurance.
Study cohort
The study population included patients aged 18 years or older with a primary carcinoma diagnosis in accordance with International Statistical Classification of Diseases and Related Health Problems (ICD)-10 who received HEC or MEC in the hospital during the 5-year period between January 1, 2008 and December 31, 2012. HEC and MEC regimens were defined based on the emetogenicity of the intravenous chemotherapy drugs that were prescribed according to Table S1 , which is in accordance with the American Society of Clinical Oncology (ASCO) 2006 (21) and the National Comprehensive Cancer Network (NCCN) guidelines for antiemetic therapy 2007 (22) . The emetogenity of intravenous chemotherapy was determined by the highest emetogenic level of antineoplastic agent in the chemotherapy regimen. As shown in Figure 1 , patients were excluded from the study if they had unspecified emetogenity of chemotherapy due to unclear dosage of chemotherapy drugs, unclear prescription of antiemetic, or missing data on gender or insurance. When a patient received two or more cycles of HEC or MEC during hospitalization, only the information from the preceding cycle was included.
Antiemetics
Antiemetics were classified by the generic name of the Anatomical Therapeutic Chemical (ATC) classification system as follows: 5-HT3 antagonists, corticosteroids, neurokinin-1 (NK-1) antagonists, benzodiazepines, phenothiazines, benzamides, olanzapines, prokinetic drugs (metoclopramide, domperidone, and mosapride), antihistamines, and cannabinoids. Chinese traditional medicine prescribed to treat nausea and vomiting was classified as an herbal or alternative antiemetic (H/A).
Regarding the purpose of usage, the antiemetic drugs were classified as either a prophylactic antiemetic or a rescue antiemetic in light of the date at which antiemetic was prescribed as drug use in the charge details was date-stamped rather than time-stamped. A prophylactic antiemetic was defined as those prescribed before or on the same day of chemotherapy for CINV prevention and a rescue antiemetic was deemed as those prescribed after chemotherapy for treating CINV. Furthermore, according to the prescribed total dosage of a prophylactic antiemetic and its defined daily dose (DDD) recommended by the World Health Organization (WHO), a prophylactic antiemetic was deemed to prevent only acute CINV on Day 1 of the chemotherapy if the total dosage was less than twice the DDD. When the total dosage of a prophylactic antiemetic was more than twice the DDD, the prophylactic antiemetic was judged to prevent both acute and delayed CINV. The ratio of total dosage-to-DDD was defined as the number of days of protection from CINV since chemotherapy initiation.
Statistical analyses
All study variables, including patient characteristics and usage of specific antiemetic regimens, were analyzed using descriptive statistics. Differences between the HEC and MEC groups or between patients prescribed or not prescribed prophylactic antiemetics were examined with chi-square tests. All statistical tests were two-sided and, a significant difference was defined as P<0.05. Statistical analyses were conducted using SPSS statistical software (version 22 for Windows, IBM Corporation, New York, USA).
Results
We collected the data from 14,548 patients (6,859 men and 7,689 women), including 14,395 (98.9%) who were prescribed antiemetics and 153 (1.1%) who were not. Among those with antiemetics, 13,085 patients used them prophylactically for CINV prevention and the remainder 1,310 patients used them as rescue therapy ( Table 1) .
Differences in demographics and therapeutic characteristics of patients treated with highly emetogenic chemotherapy (HEC) and moderately emetogenic chemotherapy (MEC)
As shown in Table 1 , the two groups of patients shared a similar gender distribution and prevalence of antiemetic usage. However, a significantly greater proportion of patients in the MEC group were between 60 and 79 years old (40.7% vs. 36.6%), referred from a tertiary hospital (87.2% vs. 82.7%), and used antiemetics for preventing delayed CINV (81.3% vs. 59.4%) as compared to the HEC group. Among patients who received HEC, the rate of prophylactic antiemetic for delayed CINV was significantly lower by 30.8% than that of prophylactic antiemetic for acute CINV (P<0.001). This difference in treatment rate in acute versus delayed CINV was less pronounced ( esophageal cancer (73.7% vs. 26.3%), cervical cancer (70.2% vs. 29.8%), and lung cancer (69.0% vs. 31.0%) were more likely to receive HEC (Figure 2A) . Patients with colorectal cancer (94.5% vs. 5.5%), stomach cancer (78.6% vs. 21.4%), or leukemia (78.1% vs. 21.9%), were more likely to undergo MEC.
Differences in demographics and therapeutic characteristics between patients with and without prophylactic antiemetics by acute and delayed chemotherapy-induced nausea and vomiting (CINV)
Approximately 89.9% (N=13,085) of the patients used them prophylactically to prevent acute CINV and 71.5% (N=10,403) for delayed CINV (Table S2 ). In chronological sequence, 89.9% of the patients received antiemetic prophylaxis on Day 1 of chemotherapy, decreasing to 71.5% on Day 2, 54.0% on Day 3 and 48.0% on Day 4 and beyond (Table S2) . Of the 13,085 patients using prophylactic antiemetics for acute CINV, 827 (6.3%) used only a single drug, 12,210 (93.3%) used multiple drugs, and 48 (0.4%) used H/A ( Table 2) . With regard to the prophylaxis of delayed CINV, 762 (7.3%) used only a single drug, 9,600 (92.3%) used multiple drugs, 41 (0.4%) used H/A ( Table 2) . Compared to patients who did not receive prophylactic antiemetics, patients using prophylactic antiemetic therapy for acute CINV tended to be female (53.3% vs. 48.9%) and receive treatment at a general (81.3% vs. 73.2%) or first-grade (2.0% vs. 1.1%) hospital. The proportion of patients that used prophylactic antiemetics for acute CINV was relatively high in those with kidney cancer (93.9%), myeloma (93.7%), or cervical cancer (92.5%), while the prevalence in patients with bladder cancer was merely 72.8% ( Figure 2B ). Our analysis of the use of prophylactic antiemetics versus without antiemetics prophylaxis to treat delayed CINV revealed different trends. These patients differed significantly in age. Compared to patients without prophylactic antiemetics, we observed a higher rate of prophylactic usage for delayed CINV among patients between 60 and 79 years old (39.5% vs. 37.1%) and patients who were treated at a general hospital (81.0% vs. 79.3%). Moreover, users of antiemetics to prevent delayed CINV tended to be male (48.1% vs. 44.8%; Table 2 ). A decrease in the percentage of prophylactic antiemetic usage in delayed CINV was noted for all types of cancer. The percentage of patients using antiemetics prophylactically was relatively higher in those with myeloma (78.4%), colorectal cancer (78.1%), or stomach cancer (77.8%). Furthermore, as we determined with patients dealing with acute CINV, the rate in patients with bladder cancer was strikingly low (45.6%; Figure 2C ).
Analysis of prophylactic antiemetic regimens
Among the patients using antiemetic prophylaxis, 93.3% were prescribed a mixed antiemetic regimen while 6.3% and 0.4% were prescribed a single antiemetic or H/A, respectively ( Table 2 ). As shown in Table 3 , a mixed regimen consisting of three classes of antiemetics was most common (36.9%) followed by a regimen consisting of two classes (35.2%). 5-HT3 antagonists and corticosteroids were the two most frequently used classes not only by patients who were prescribed a single antiemetic (91.2% and 5.9%, respectively), but also by those prescribed a mixed antiemetic regimen (97.8%, 11,937/12,210 and 82.0%, 10,016/12,210, respectively). Patients using a two-class regimen were most frequently prescribed a 5-HT3 antagonist with corticosteroid, followed by a 5-HT3 antagonist with either benzoylamide or antihistamine. Patients prescribed a three-class regimen used a 5-HT3 receptor antagonist and corticosteroid with antihistamine, benzoylamide, or phenothiazine. Among the combinations consisting of four classes, 5-HT3 receptor antagonist, corticosteroid, and benzoylamide were frequently used with antihistamine, benzodiazepine, or phenothiazine ( Table 3) . Two or more 5-HT3 receptor antagonists or corticosteroids were often included in a mixed-drug regimen (15.8% and 21.6%, respectively).
Among patients using a single prophylactic antiemetic, 5-HT3 antagonists were used more frequently by the MEC group than the HEC group (92.8% vs. 87.5%, respectively, P=0.019) to prevent acute CINV while they were used similarly in both groups for delayed CINV (Figure 3) . Among patients using a mixed regimen to prevent acute CINV, those in the MEC group made more use of regimens consisting of three or two classes of antiemetics than those in the HEC group (three-class regimen: 42.9% vs. 39.6%, respectively; two-class regimen: 41.5% vs. 37.0%, respectively; P<0.001; Figure 4A ), but more patients in the HEC group used a regimen consisting of four classes of antiemetics (23.4% vs. 15.6%, respectively; P<0.001). A similar result was found for patients taking antiemetics to prevent delayed CINV ( Figure 4A , both P<0.001 for acute and delayed CINV).
To prevent both acute and delayed CINV, the HEC group had a slightly lower proportion of patients using a mixed regimen containing a 5-HT3 receptor antagonist than the MEC group (P≤0.012). However, a higher proportion of patients treated with HEC received a mixed regimen containing corticosteroids (P≤0.007; Figure 4B ). Among patients using a 5-HT3 antagonist-based regimen to prevent either acute or delayed CINV, two or more 5-HT3 antagonists were used by 17.6% of patients in the HEC group as well as 14.4% of patients in the MEC group for acute CINV prevention (P<0.001), and 15.7% of patients in the HEC group as well as 13.7% of patients in the MEC group for delayed CINV prevention (P=0.008; data not shown). The proportions of patients using multiple corticosteroids in both groups were 22.1% in the HEC group and 21.2% in the MEC group for acute CINV and 22.8% in the HEC group and 20.9% in the MEC group for delayed CINV (data not shown).
Number of mixed-regimen prophylactic antiemetics used by patients undergoing highly emetogenic chemotherapy (HEC) and moderately emetogenic chemotherapy (MEC)
Among those treated with a mixed regimen, patients most frequently used three antiemetics (59.9%), followed by four or more (21.1%), then two (19.0%). Figure 5 illustrates the number of antiemetics in mixed regimens used by patients of the HEC and MEC groups for CINV prevention.
Although more than half of the patients in the HEC group took three antiemetics to prevent acute and delayed CINV, these rates were significantly lower than those of the MEC group (acute: 56.3% vs. 62.9%, respectively; delayed: 57.2% vs. 63.4%, respectively). However, patients in the HEC group were more likely than patients undergoing MEC to be prescribed four or more antiemetics to prevent acute and delayed CINV (acute: 26.5% vs. 16.6%, respectively; delayed: 25.8% vs. 15.5%, respectively; P<0.001 for both acute and delayed CINV prevention). 
Discussion
In this retrospective study, we used the CHIRA Database to obtain information on the use of prophylactic antiemetics by Chinese patients with cancer during chemotherapy.
The CHIRA Database has wide coverage and contains claims information for about 1,300,000 Chinese subjects between 2008 and 2012. This extensive collection of claims allowed us to gather information from a range of providers, including oncology centers and general hospitals, over five consecutive years, for a large number of target patients (almost 15,000). Therefore, our findings represent a comprehensive reflection of the current status of the use of antiemetics to prevent CINV in China and provide a crucial update to the field. Our results indicate that future efforts to improve the compliance of antiemetic therapy for CINV should focus on delayed CINV, with the goals of increasing and prolonging the use of prophylactic treatment, increasing the use of corticosteroids, and decreasing the overuse of antiemetics within the same class. Our analysis revealed a substantial difference in the use of prophylactic antiemetics for acute versus delayed CINV. More than one out of every four patients did not receive prophylactic therapy for delayed CINV, but this number was only one in ten for acute CINV. Moreover, the proportion of patients with prophylactic use of antiemetics for delayed CINV in the HEC group was lower than in the MEC group (81.3% vs. 59.4%).
In the HEC group, the proportion of patients with prophylactic use of antiemetics who developed delayed CINV was 30.8% lower than that of patients with acute CINV. This may be explained by the fact that cisplatinbased single-day chemotherapy is usually administered over several days in China with the goal of reducing the adverse effects of HEC, including CINV. In our study, 681 patients (10.5%) in the HEC group received cisplatinbased chemotherapy over several days, and antiemetics were administered daily during this period likely to prevent acute CINV. However, several guidelines for antiemetic therapy have shown that prophylactic antiemetic therapy is complex in patients receiving chemotherapy in several days. Thus, it is possible that the antiemetic therapy performed after the first day may have been administered to prevent acute CINV as well as delayed CINV, resulting in a lower proportion of patients receiving prophylactic antiemetics for delayed CINV in the HEC group.
The observed low rate of prophylactic therapy for delayed CINV is similar to those found in studies of The data are presented as percentages and were tested using the chisquare test. The P-values for comparison between two groups were 0.019 for acute CINV and 0.495 for delayed CINV. Abbreviations: 5-HT3, 5-hydroxytryptamine-3; CINV, chemotherapy-induced nausea and vomiting; HEC, highly emetogenic chemotherapy; MEC, moderately emetogenic chemotherapy. European patients (13, 23) , as well as data for China published in a recent study by Yu et al. (20) , which assessed patterns of antiemetic use in the Asia Pacific region.
However, use of prophylactic antiemetics for delayed CINV was greater for the other countries included in the study by Yu et al. (20) , such as Australia, India, Singapore, South Korea, and Taiwan. Worldwide rates of treatment for delayed CINV, therefore, seem to exhibit substantial variability. Surveys of health care providers have revealed that cost-and patient-related issues are frequently cited as barriers to treating CINV (24, 25) . In those countries with low rates of prophylactic therapy, these factors should be considered if or when programs are implemented to increase the use of antiemetic medications.
Our analysis has also determined that the majority of patients with cancer were not treated at cancer centers, but at general hospitals. This result could be used to direct funding resources and to guide national or regional programs that seek to educate health care providers about antiemetic treatment guidelines. Interestingly, the rate of prophylactic use of antiemetics tended to be lower for patients treated at cancer centers as opposed to general hospitals (acute phase: 86.2% vs. 90.9%, respectively; delayed phase: 69.8% vs. 71.9%, respectively). This is an unexpected finding that should be confirmed in future studies.
To assess the compliance of China's antiemetic therapy regimens with published guidelines, we used those of NCCN and the Multinational Association of Supportive Care in Cancer (MASCC), as these had clearly defined recommendations for treatment of acute and delayed CINV in patients undergoing HEC and MEC (9, 10) . To treat acute and delayed CINV, the guidelines recommend that patients receiving HEC and MEC be treated with multiple prophylactic antiemetics. Our analysis of the CHIRA database revealed that adherence to the guidelines was approximately 90% for both HEC and MEC. However, 6.3% of the patients received a single prophylactic antiemetic even though guidelines recommend that combined use of antiemetics for prophylactic antiemetic therapy. Our analysis revealed that most patients in China received prophylactic antiemetic therapy with three drugs (36.9%) followed by those treated with two drugs.
The present study showed that 5-HT3 receptor antagonists and glucocorticoids were the most widely used drugs for prophylactic antiemetic therapy, and also the basis of other combined antiemetic therapies, which was consistent with guideline recommendations for acute CINV in HEC and MEC. However, we also found the repeated use of drugs within the same class, which was inconsistent with guideline recommendations. The guidelines also recommend inclusion of a NK-1 receptor antagonist for acute and delayed CINV in HEC, but this class of primary antiemetic was not introduced in China until 2013; thus, data on NK-1 receptor antagonist usage was not available in the present study.
In our study, compliance was below 90% for the use of corticosteroids as part of a mixed regimen for acute and delayed CINV in the HEC group, and was particularly lower (nearly 80%) in the MEC group. As dexamethasone, a corticosteroid, is inexpensive and accessible, and increased utilization of this class of antiemetic could lead to greater control of CINV. Compared to the use of corticosteroids, 5-HT3 receptor antagonists were prescribed for almost 98% of patients being treated for acute and delayed CINV in both the HEC and MEC groups. Overuse of 5-HT3 receptor antagonists may not be specific to China, as this type of non-compliance was documented in a recent study in Brazil (26) . Moreover, approximately 20% of patients were treated with more than one 5-HT3 receptor antagonist or corticosteroid, even though this prescribing habit is not recommended by either guideline. This finding suggests that there is overuse of antiemetics of the same class. In the absence of data showing that this type of treatment regimen is associated with increased efficacy, and given the known risks for side effects (27) , limiting a mixed antiemetic therapy to a single 5-HT3 receptor antagonistand a single glucocorticoid-based regimen could decrease spending as well as the rate of antiemetic-associated side effects.
The present study also found that 54% of patients received prophylactic antiemetic therapy in Days 1-3 of chemotherapy, and a lower proportion of patients still received prophylactic antiemetic therapy on Day 4 and thereafter, which is inconsistent with the recommendations in some guidelines. Specifically, 2014 NCCN antiemesis guidelines recommend that prophylactic antiemetic therapy should last until 3 days following chemotherapy with a HEC protocol and 2-3 days after chemotherapy with a MEC protocol (28) .
This study had several limitations. First, as data on the usage of antiemetics were based on the prescription records, the results may not represent the real administration of antiemetics in cancer patients due to lack of compliance. Second, the database we used was focused on inpatients with an urban, basic medical insurance; thus, the findings should be interpreted with caution for cancer patients receiving HEC or MEC in out/day clinics or those without that specific type of insurance. Third, DDD was adopted in our study to judge whether patient had antiemetic prophylaxis for either acute or delayed CINV. However, DDD was an ideal dosage without considering the dose discrepancy between individuals, such as differences in patients with liver/kidney function damage and patients from different countries. Therefore, DDD may not represent the identical dosage in clinical practices under all circumstances, which could slightly impact the rate of antiemetic prophylaxis for acute or delayed CIVN in the analysis. Fourth, as mentioned previously, NK-1 receptor antagonists were not available in China between 2008 and 2012; therefore, future studies should assess if the introduction of this class of antiemetic has impacted the rates of prophylactic antiemetic use in acute and delayed CINV and compliance with treatment guidelines.
In conclusion, we have conducted a retrospective database search to evaluate the patterns of prophylactic antiemetic use by patients with cancer during chemotherapy. Our findings indicate that antiemetic therapy for delayed CINV should be improved for patients receiving both HEC and MEC by increasing the use of prophylactic therapy, preferably by treatment with corticosteroids and decreasing the overuse of antiemetics within the same class.
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